Abstract-To study the seismic performance of a souring sluice, a 3D finite element model was established by considering the foundation characters. Mode-superposition response spectrum method was used to precede the seismic calculation. It is concluded that the seismic performance can satisfy the specification. Furthermore, the weak parts which are required to be reinforced were indicated.
I. INTRODUCTION
A low water head, mass flow and run of river middle-sized hydropower station are located in Yunnan province, which is in the middle stage of main stream of Nujiang river. The maximal height of dam is 45.0m. The installed capacity is 5×36MW. The storage capacity is 2540×104m 3 . As one of the most important constructions, the souring sluice is a reinforced concrete structure, which is based on the riverbed alluvium. The length along the river is 41m, and the width of sluice gate is 11m. There are totally 6 sluice chambers in the right bank sluice, and permanent construction joints are set in the middle of sluice pier between each chambers, therefore, the whole souring sluice can be divided into 3 sections.
6 sluice gates are set in the downstream side of each sluice, which is open and close by winches fixed in the top of chamber frame. The loading capacity of open/close winches are 2×3200kN, and the weight is 100t. The height of main open/close frame is 36.4m. The bearing members are 4 columns in the size of 1.4m×1.4m. There are 5 stories in the frame, only ring beams are set in the first 3 stories without floors, and the 4th floor is open/close winch room with the floor height of 7.9m, and the 5th floor is the roof. The height of subsidiary open/close frame is 14.5m, which is used to install the bulkhead gate drive by hoist, the hoist floor height is 6m, and the underpart height is 8.5m. The three views of souring sluice are shown in Fig1.
The site of souring sluice is located in the region of 7 degree seismic fortification intensity, which is in the borderline between 7 degree and 8 degree. The peak value of earthquake acceleration is 0.15g, predominant period is 0.3s [1] . The stiffness of upper open/close frame is obviously lower than the bottom sluice pier. Moreover, a heavy winch is set in the top of relatively flexible frame which may cause whipping effect. The uneven distribution of mass and stiffness, as well as the site location is the earthquake-active province Yunnan, the seismic performance of the souring sluice is significant. 
II. FOUNDATION CHARACTERS
The foundation of souring sluice is the riverbed alluvium. To guarantee the seepage control stability and sliding stability, key walls are 2.0m deeply set in the upstream and downstream side of the baseboard. Weak-weathered rock is beneath the riverbed alluvium, the parameters of foundation are listed in table 1. It is obviously that the foundation characters may markedly affect the upper souring sluice [2] . Foundation model is considered in the establishment of the entire ANSYS model. The representative value of water pressure along the river, which is acted on the sluice gate, can be calculated as follows.
It can be converted to the corresponding added mass on the sluice surface and numerical simulated by MASS21 element [3] . The earthquake influence on uplift pressure, silt pressure and soil pressure, along with the dynamic water pressure by vertical earthquake, were all ignored in this paper.
The number of elements of the souring sluice with foundation model is totally 21322, with 25426 joints. Concern to the coordinate system, along the river to the downstream is Z axis positive, straight up is Y axis positive. In the ANSYS stress results, positive value is tensile stress, and negative value is pressure stress. The 3D ANSYS model is as Fig2. 
B. Mode analysis results
According to the mode analysis results, first 4 orders were the main modes in the earthquake response. The effective mass ratio of first 4 orders reached 94.8%, whereas, the first 8 orders of modes were extracted in the spectral analysis. The results indicated that the mode shape conformed to the general rules, as shown in Fig.3 . No adverse mode shape appeared. The natural frequency of reservoir full is less than the reservoir empty. The first 8 orders of nature frequencies were listed in table 3. 
C. ANSYS results
During the calculation by ANSYS, 4 basic cases were considered: Normal ① pool level; Check ② flood level; Frequently ③ occurrence earthquake; Rarely ④ occurrence earthquake. The first 2 cases are static case, and the maximal displacement of the souring sluice under the case was listed in table4. To overall consideration on dynamic response of the sluice, the Case① and Case , ③ the Case① and Case④ were separately combined. The static and dynamic combined displacements of sluice were listed in table5. To reveal the weak parts of sluice pier and open/close frame, the maximum and position of major principal stress results were obtained, as shown in 
IV. CONCLUSIONS
According to the numerical simulation results, the seismic performance is well satisfied. For the sluice pier, the sides both within and outside of toe are the weak parts.
For baseboard, the toe is also the weak part. And for open/close frame, the bottom story is the weak floor. All the above mentioned positions are worth to pay close attention in the design.
V. ACKNOWLEDGMENTS

